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SECTION 1

INTRODUCTION

(M=-2).(20) 44 Johnson-cierhart(u)'(c)

The Longley-Rice
prediction programs of the Institute for Telecommunication Sciences
nre statisticpl/semi-empirical models of tropospheric radio
propagation for low and high altitude scenarios respectively in the
frequency range 0.02 - 40 GH2, These programs are restricted to
frequencier above 20 MHz because "sky" and “"ground" wave propagation
paths, which can be dominant propagation paths at frequencies less
than 20 MH2, are not included in these programs. These programs are
restricted to frequencies less than 40 GHz because the empirical data
base does not include absorption 3and refractivity of the atmsophere or

ground at wavelengths shorter than 1 cm.

Version 1.2.1 of the longley-Rice program and the Air-to-Atir
(ATOA) version of the Johnson-Gierhart progrsm have been acquired by
MTTRE Corporation for prediction of propagation path loss in radio
scenarios. Version 1,2.1 of the Longley-Rice program is written in
10fA ANSI Fortran and therefore is compatible with most large
computers. The Johnson-Gierhart ATOA program, which was originally
written for a CPC CYRER-170/750 computer has been converted and made
competible with the TBM-370/307?1 computer at MITRE Corporation.

The theory, computer programs, and user's guides for the
Longley-Rice and Johnson-Gierhart prediction models are given in
References 1] ~ (61, [201. This paper discusses the input and output
parameters of these prediction models, with particulsr emphasis on

input paremeter Sspecification.
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The outputs of these programs are statistical values of "basic
transmission loss"., In Section 2, basic transmission loss is defined ff
and the particular quantities of basic transmiasion loss which are
evaluated by these programs are diuycussed and compared with
theoretical values, The motivation for using these programs are also
given.

Input parameter specifications for the Longley-Rice and
Johnson-Gierhart prediction models are described in Sections 3 and 4§

respectively.
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SECTION 2

BASIC TRANSMISSION LOSS

With reference to Figure 1, the predetection system margin
M(d,r,) (in dB) of a radio, for a great circle path distance d and
message quality rFyo is given by

s(d)
N

r N\

H(d.fi) = PT - LN.T - LH.T - LC.T + DT - Lb(d) + DR - N - Rr(ri) (2.1)

where '

w
~
[~
~
(1]

avajilable signal power at the output terminals of the
equivalent lossless receiving antenna (dBm)

4
N

transmitter carrier available outut power (dBm)

insertion loss of transmitter transmission line
(including reflection losses, if any) (dB)

LH 1 = ohmic loss of matching network for the transmitting
' antenna (dB)

ohmic loss of the transmitting antenna (dB)
DT = directivity of the transmitting antenns (dBi)
Lb(d) = basic transmission loss of propagatior path (dB)

DR = directivity of the receiving antenna (dBi)

system available noise power at the output terminals of
the equivalent lossless receiving antenna (dBm)

]
-
~
-3
[
~
(1]

required predetection signal-to-noise ratio (dB)
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The convention is followed that capitalized margin parameters are in
units of dB whereas uncaptialized margin psrameters refer to their

numner {cal values,

The basic transmission loss Lb(d) is the margin parameter random
variable in Eq. (2.1) that 1s a function of the propagation range of
grest circle distance d between the transmitting and receiving
antennas., More specifically, "the basic transmission loss (sometimes
called path loss) of a radio circuit is the transmission loss expected
between ideal, luss-free, isotropic, transmitting and receiving
antennas at the same locations as the actual transmitting and

receiving antannas"(7).
The basic transmiscion loss Lb(d) (in dB) may be e¢xpressed as:

Lb(d) z Lbo(d) + U(d) + V(4d) (2.2)

where

Lbo(d) e local path propagation loss for a psth with no buildings
or signitiicant vegetation in the immediate vicinity of
the antennas (hourly median value, in dB)

U(d) = urban area propsgation loss term resulting from
buildings in the immediste vicinity of the antennas
(hourly medisn value, in dR)

vegetative propagation loss term resulting from
significant vegetation in the immediste vicinity of the
antennas (hourly median value, in dB)

V(d)

The propagation path loss given by Eg. (2.2) does not include
rapid fading, about the hourly median value, of the received signal
which results from multipath interference (vertical lobing) for a
smsll chenge in range (of the order of a ocasrrier wavelength) in a
mobile system operating over irregular terrain. Instesd of

5

g
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superimposing the distributions of hourly median and rapid fading
propagation losses, the effects of multipath rapid fading can be
included in the system margin model by increasing the value of the
required predetection signal-to-noise ratio Rr(ri) neceasary to obtain

(8)

a specified channel quality r  in the presence of rapid fading .

i

The locsl path propagation loss Lbo(d) in Eq. (2.2) may be

expressed as:

Lbo(d) z Lbf(d) + A(d) 2.3
where
Lbf(d) s free-space propagation loss (dB)
2 2
Und 4edf
= 10 log,y (%) = 10 log,, (_'5-)

= 32,447 + 20 10310 f"Hz + 20 103‘0 dkm

d = great circle distance between transmitter and receiver
antennas (km)

X = RF carrier wavelength (in units of 4)

fHHz s RF carrier frequency (MHz)

¢ = free-space velocity of propagation = 0.29979 km/us

A(d) = excess propagation loss ove: that of free space for a
path with no buildings or significant vegetation in the
immediate vicinity of the antennas (hourly median value
in dB). This term is usually modelled by semi-empirical
methods.

The Lorgley-Rice and Johnson-Gierhart prediction programs are

concerned with estimating the hourly median values of excess

propagation loss A(d) defined by Eq. (2.3). The urban loss U(d) and

vegetative loss V(d) terms in Eq. (2.2) are not predicted by these

programs. The repid fading, about the hourly median values, is also
6

i _




not predicted by the Longley-Rice program but is an available vertical
lobing option in the Johnson-Gierhart program. Before discussing the

excess loss A(d), a brief review is given here of the urban loss U(d)

and vegetative loss V(d) terms in Eq. (2.2).

The urban area propagation loss term U(d) in Eq. (2.2) has been

estimated toc have g median value U(d,50%) given by(g).

6.5 « 15 10510 (fMHz/100) - 0.12 dkm' urvan area
u(d,50%) = (2.4)
U, both antennas are in open areas

which agrees within 1 dB with empirical data at 100 - 300 MHz and ,

distances 10 - 70 km. The median value U(4,50%) given by Eq. (2.4) is ' g

the difference in the median values of excess propagation loss '

reported by Okumura(1°) for urban areas and by Longley-Rice(z) for
open areas., Eq. (2.4) is based on data for which the receiver antenna
was near ground level (at a height of 3m) and the transmitter antenna
was st various elevated heights of 30 - 600 m. At a frequency of 88
MHz and a distence of 35 km, the median value of the additional
transmission loss from urhan area clutter is found from Eq. (2.4) t¢

‘ be 11.5 d8.

. The vegetative propagation loss term V(d) in Eq. (2.2) is
appreciably less at VHF frequencies than at higher frequencies because
vegetation 18 appreciably more transparent at longer wavelengths and
because obstacles, such as vegetation, diffract more energy into
shadow zones at longer wavelengths(9). Only vegetation in the
immediate vicinity of the antennas should be considered in estimating
V(d) in Eq. (2.2) because knife-edge diffraction by vegetation distant

from the antennas is usually included in the semi-empirical methods
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used for estimating the excess propagation loss A(d). The loss term E\
V(d) i{s the lessor of the absorptive path loss through the vegetation
and the diffractive path loss over the vegetation.

When one of tﬁe antennas is placed near a grove of trees or in a
Jungle, vertically polarized VHF radio waves are attenuated 3
appreciably more than horizontally polarized waves., For example, ai 'y
30 MHz and 100 MHz, the average loss from nearby trees was reported to '
be 2 - 3 dB and 5 - 10 dB respectively with vertical polarization and
approximately O dB and 2 - 3 dB respectively for horizontally
i polarized signals(g)'(11). In dense jungles, vertically polarized
! waves can be attenuated about 15 dB more than horizontally polarized - 8
; rielda(g)'(12). At higher frequencies, the effects of polarization on "

; vegeative loss are not as pronounced.
)
t

(13) ¢ propagation of )
horizontally polarized waves behind a grove of 3 m tall live-oak and ?.-_
blackberry trees on flat ground in Texas at frequencies 0.5 - 3 GHz

i and at distances greater than five times the tree height, measurements

of path loss were in good agreement with theoretical oredictions of

diffraction over an ideal knife edge assuming distances and heights

the same as those in the measurements. For such a case, the loss term

In experimental studies by La Grone

V(d) muy be interpreted as the difference in losses between knife-edge .
(tree) diffraction and smooth sphericsl earth diffraction with losses . E;f
expressed in dB. Approximate numerical values, deduced from deta for .
the above case, are V(d) = -4, -2, and +2 dB for receiver heights 3
above local terrain of 2, 10, and 18 m reapectively, » frequenoy of 82 '
MHz, transmitter to receiver distance d = 67 km, tranamitter height of
424 m, and receiver to grove distance of 111 m.

o FER_

[o <]
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Estimates of the excess propagation loss A(d) defined in Eq. (2.3)
can be as formjdable to calculate as the estimates for urban area and
vegetative propagation losses because of the semi-empirical nature of
the required models.

The excess propagation loss A(d) is generally a stochastic
quantity because the scenarios of interest are generally not for
deterministic propagation paths but are for specified classes of
propagation paths, For example, the propagation paths may be
specified as being over irregular terrain characterized by rolling
plains, average ground permittivity, and random siting.

Radio waves generally may be propagated (a) through or along the
surface of the earth (ground wave), (b) through the lower atmosphere
of the earth beneath the ionosphere (tropospheric propagation) or (c¢)
by reflection or scatter in the upper atmosphere (sky wave) from
natural reflectors (ionosphere, aurora) or artificial reflectors
(satellites). At frequencies greater than 2C MHz, ground wave
propagation losses (except for very short paths within the radio
horizon and along the earth's surface) and sky wave propagation losses
(except for very long propagation paths beyond the radio horizon) are
usually very much larger than tropospheric propagation losses. The
Longley-Rice and Johnson~Gierhart programs conaider only tropospheric
propagation paths.

For tropospheric propagation over irregular terrain, the possible
modes of propagation may be categorized as:

(1) multipath interference

(2) multipath ~ diffraction transition

(3) diffraction (smooth spherical earth and knife-edge)
(4) diffraction - tropospheric scatter transition

(5) tropospheric scatter

ey = ———t S0 — . — e . v -

e e mam s e kil
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The regions for these propagation modes are shown in Figure 2.

Mode (1) is the dominant mode of propagation for line-of-sight
paths which clear the radio horizon by greater than approximately 1/8
of a Fresnel number where the Fresnel number is the number of
hal f-wavelengths of the path difference between the direct ray and the
indirect ray which is specularly reflected from the ground(1“). Mode (2)
occurs for line-of-sight propagation paths which are within 1/8
Fresnel number of the radio horizon. Mode (3) occurs for propagation
ﬁaths‘uhich are beyond the radio horizon by more than 1/8 Fresnel
number but less than that for which tropospheric scatter starts to
become significant. Mode (4) {s a transition mode between diffraction
and troposcatter modes. Mode (5) occurs for propagation paths which
are sufficiently beyond the radio horizon that tropospheric scatter '
losses are less than diffractive losses. Except for mode (1) lobing,
the excess propagation loss A(d) generally increases with decreasing
height h2 as the dominant mode of propagation progresses from (%) to
(s).

As an example of tropospheric modes (1) and (2), consider the

various scenarios shown in Table 1, For smooth earth, all of the
.: Table 1 scenarios correspond to radio links within or on the radio v
horizon, However, for random siting of the ground-based radio on
irregular terrain, the radio line-of-sight to low altitude aircraft .
-i will often be obstructed. In the case of nonobstructed radio
line-of-sight over smooth terrain, the principal mode of propagation
is smooth spherical earth diffraction coupled with multipath
interferance between the direct and indirect signals reflected by the
terrain to the receiver, In the case of an obstructed radio !
line-of -sight over irregular terrain, the principal mode of
[ propagation is smooth spherical earth diffraction coupled with

10
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knife-edge diffraction by the obstructing terrain. MNMultipath
interference is the dominant mode of propagation in scenario numbers
3b, 7b1, and 8 which oclear the radio horizon for a smooth earth by at
least 1/8 Fresnel number., All of the other scenarios in Table 1,
which clear the radio horizon by less than 0.01 Fresnel number,
correspond to the multipath - diffraction transition mode.

In the multipath - diffraction transition mode, the propagation
path loss is significantly largsr than the free space 1o3s. In the
case of multipath interference, the interference is almost totally
destructive because: 1) the Fresnel amplitude reflection coefficient
is approximately -1 at low grazing angles of incidence; 2) the surface
roughness reflection coefficient {s approximately unity at
sufficiently low grazing angles of incidence; 3) the path length
difference between the direct and indirect signals is much less than a
wavelength,

In the case of diffraction, the path loss increases exponentially
with increasing distance of the transmitter or receiver into the
shadow region of the obstructing terrain., For a given distance in the
shadow region, the sharpness of the obstructing terrain appreciably
alters the path loas in a diffraction mode. Therefore, for a
diffraction mode of propagation, slope and height distribution of the
obstructing terrain affect the path loss.

The Longley-Rice and Johnson-Gierhart statistical, semi-empirical
programs are particularly useful in modeling propagation loas over
irregular terrain in the tranaition modes (2) and (4) of Figure 2.

The propagation loss for mode (2) is found from empirical data and
from extrapolations between theoretical models for multipath
interfarence and smooth spherical earth diffraction, The propagation
loss for mode (4) i3 found from empirical data and from extrapolations

13
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between theoretical models for smooth spherical earth diffraction and

trobospheric sratter,

The Longley-Rice prediction program is applicable to scenarios
where both the transmitter and receiver antennas are at heights above
local ground between 0.5 m and 3 km (which we shall designate as "low
sltitude" scenarios). The Johnson-Gierhart program is applicable to
"high altitude" scenarios in which (1) the lower antenna is at a
height above local ground between 0.5 m and approximately = km; (2)
the higher antenna is less than 100 km but at a sufficient height
ahove local ground that the elevation angle at the lower antenna of
the terrain limited radio horizon is less than the elevation angle of
the higher antenna; and (3) the terrain-limited radio horizon for the
higher antenna is taken either as a common horizon with the lower
antenna or as a smooth earth horizon with the same elevation as the
lower zntenna effective reflecting plane. These altitude restrictions
and the use of these programs are based on the following

considerations:

8. Whereas two-ray multipath interference models are adequate
for path clearances greater than 1/8 Fresnel number and whereas smooth
earth spherical diffraction models are adequate for transhorizon paths
well beyond the radio horiz2on, an extrapolation between these models,
even for a smooth earth, is presently required four modeling of
propagation paths near the radio horizan(1u). Reference [14] gives a
deterministic computer program for such an extrapolation., However,
for path loss averaged over rancdom paths above irregular terrain near
the radio horizon, a semi-empirical, stochastic extrapolation is
required, The empirical weighting accounts for knife-edge diffraction
effects over a rough earth. The Longley-Rice semi-empirical
prediction program does such an extrapolation and allows for double
horizon diffraction for both random and specific terrain profiles.

14
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b. Probabilistic predictions of path loss are possible because
the data base includes many samples for various locations, time of
year, and experimental situations, Muoh of the data base for the
Longley-Rice program is for double horizon diffraction paths and was
obtained in the frequency range 20 - 100 MHz(15). Much of the data
base for the Johnson~Gierhart program is from 200 single horizon

diffraction paths contained in the data of Longley, et 31(16).

¢. The Longley-Rice program assumes a uniform atmosphere (linear
refractive gradient) and is therefore not applicable to propagation
paths in standard exponential atmosphere at elevations above 3000 m.
The Longley-Rice program is also restricted at each antenna to path
elevation angles less than 12°. For path elevation angles greater
than 12°, time variability of path loss caused by atmospheric
refraction is appreciably less than that of the empirical data base
{which is limited to refractive effects at elevation angles less than

12%).

d. The Johnson-Gierhart prediction program {s restricted to
single-horizon diffraction which allows for ray tracing in standard
atmospheres from the horizon back to the antenna site., The
Johnson-Gierhart progras {s therefore applicable to paths at high
elevations and steep elevation angles but is not applicable at low
elevations where double horizon diffraction may be significant.

In the Longley-Rice and Johnson-Gierhart programs, ionospheric
propagation and auroral scatter effects are assumed to be negligible.
This assumption {s valid at frequencies above 100 MHz and is expected
to be valid at frequencies 20 - 100 MHz for sufficiently short path
lengths. 1In the Longley-Rice program a print-out warning is issued at

15
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tfrequencies less than 40 MHz to remind the user thAu SKy wave elrecis ;
may be important at sutticiently ilong path lengths. inhe 0
Jonnson-Glernart program can be extended to trequencles as 1owW as 20

MHz provided that 8Ky wave effects are negilgible.

Both of tnese prediction programs restrict antenna sites to
locations 1or which the ratio of the gistance to the terrain-limited
radio horizon to that tor a smooth spnerical eartn 13 greater than 0.1
and 1ess than 3.0. his restriction appiies to oboth antenna sites 1in
the longiey-Rice program and only to the lower antenna in the AIUA
program. tor example, these programs wouid not be applicable to a
Scenario 1n which the ground Site 1S at the bottom Or a steeply rising
nill vpecause the weighted extrapolation of models in these programs do
not aljow for Severe knite-edge dittraction. Tne hourly meaian basic f 8
transmission (08s computed by these programs8 does not include losses

resulting trom 1oilage or bulldings.

In Figure 3, the cumulative aistribution tunctions of path loas
are plotted on normal probability paper tor both high and low aititude
Scenarios. Ine path 108s tor the iow altitude scenario of ‘lable 1
(scenario no. 9a) was predictea utilizing the Longley-Rice moadel
whereas the path 1088 tor the nigh altituae scenario (Scenario no. . :
7c2) was predicted utiiizing the Johnson-Gierhart model., Whereas
longley-Rice program predictions of path. 108s tor low altituae .

scenarios are approximately normally distributed when path 1038 18 ;'

TV e ————— gt s e

expressed 1n aB, Johnson-uierhart program predictions of path loss tor

i high elevation scenarios are two-piecewlse normaily distributed with a

§ breakpoint at the median value as explained pelow. Location, time,

¢ and sSituation (model) uncertainties contribute to path L03S
variability. In the Longley-Kice program, Location variablility 1s

: usually the dominant path Loss variability because ditlraction by

16
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terrain st bnoth ends of the link is considered. In the Johnson-

Gierhart prog-am, time variability is usually the dominant path loss
variability because diffraction by terrain at only the low altitude '
end of the link 13 considered., Location and time variabilities gre :
one=-plecewise and two-piecewise, respectively, normally distributed in

both programs.

The Longley-Rice and Johnson=Gierhart programs predict the hourly
median quantiles Lbo(d.q) of the basic transmission Lb(d) as a
functinn of the path distance d and the cumulative distributinn
function (confidence level) q = prob [Lb(d)S?bo(d)]. The single
variate probability q, in which marginal probabilities of time,
1ncation, and situation (model uncertainity) are combired, is the only
statistical service (designated single-message service) available in '
the Johnson-Gierhart program, In the Longley-Rice program other
statistical services are alsn available (see section 3,0, Table S5.)

Fnr the Johnson<Gierhart program, in which path loss Lb(d) is
two-piecewise normally dist-ibuted with a breakpoint at the median
value Lb(d‘ 50%), the expected value ¢ Lb(d)) and standard deviation
°Lb(d) are given by

(Lb)»z Lbo(50$) + 0.312 [Lb0(905) - Lbo(IOl) -~ 2Lb°(50$)].
two~piecewise normal (2.%)

I A 2 1 2
o 7138 5 [Lb°(90$) - Lb°(50$)] & ( Lbo(SOS) -L b810$)]

b
2 {172
- 5y [Lb°(90$) + Lbo(10$) - 2Lb0(50$)] 1 '

two-piecewise normal (2.6)

In Eqs. (2.5) and (2.6), the parameter d has been suppressed in order

to condense the notation,
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For the Longley-Rice program, in which path loss Lb(d) for the

low-altitude scenarios is normally distributed, (Lb(d)) and oL (a4
b
1. are given by

{ | CLydd= L, (d, 50%), normal 2.7)
1

F °Lo(@) T Trz8 (ool 908) = Ly(d. 509

t = L, (d. B4.1%) - L, (d, 50%), normal (2.8)

rqs. (2.5) and (2.6) reduce to Eqs. (2.7) and (2.8) respectively for
Lbo(QOS) s Lb°(10$).

Both the Longley-Rice and Johnson-Gierhart programs utilize
information based on the same statistical-empirical study of various '.

ver

. R a—— e NPT

terrain profiles and propagation measurements conducted primarily in
the United States. In that study, each terrain profile was
characterized by its interdecile height Ah and distance to the radic
= horizon. The interdecile height 48 the difference in heights
corresponding e 90% and 10% values of the cumulative distribution

function for the h~ight deviation from the mean surface level. When
random siting {s specified for an antenna above a surface of specified
interdecile height, the programs assign a median distance to the radio
horizon on the basis of information derived from the

ko —

statistical-empirical study.

The statistical parameters Lb(d) and 9 (gyore tabulated in
Table 1, The basic transmission loss is tabulated for interdecile
terrain heights aAh = 90 m, 225 m, and 500 m correspondiag
respectively to hills (U, S. average terrain), mountains (sligntly
shorter than those in the Fulda gap of Germany), and rugged mountains
(s1ightly taller than those in Korea). The results of Table 1 sre

19




. MRS YV T ST VSTI IR IV YoM AFRGY DR e v

for average ground permittivity, random siting of the antennas,
atmospheric refractivity at the earth's surface equivalent to an
effective earth radius equal to U/3 earth's geometrioc radius,

temporate climate, vertical polarization, and 1§otropio antennas in a
non-vegetative open area,

The expected value of the basic transmission 108s exceeds the
free-space loes, for sh = 90 m, 225, and 560 m, by 1.1 dB, 0.7 dB,
0.4 dB respectively for the high-altitude scenario no. 8al and by
32.5 dB, 34.5 dB, and 42,7 dB respectively for the low-altitude
scenario no, 9a. The standard deviation %L (d) is 0 - 3 dB for the
high altitude scenarios of Table 1 and 10.9b- 12.2 dB for the
low-altitude scenarios.

Longley-Rice predictions of basic transmission loss for
worldwide environmental conditions are tabulated in Table 2 for
scenario no. 9a of Table 1., Variations in terrain roughness and
surface permittivity have an sppreciable effect on the expected value
of transmission loss. Very careful siting of the ground antenna can
reduce transmission loss by approximately & <B over that for random
siting., Variestions in climate and stmospheric refractivity have
relatively little effect on transmission loss for this scenario. 1In
non-vegetated areas, vertically polarized waves have less path loas
than for horizontal polarization. However, in vegetated areas, the
rever se may be true (see earlier discussion of vegetative loss term).

It will be noted that transmission loss decresses with
increasing terrain roughness for terrain roughness less than or
comparable to the higher antenna height above the ground but
increases with increasing terrain roughness for terrain appreciably
larger than the higher antenna height., The reason is that
obstructions with small interdecile heights do not appreciably reduce

20
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Table 2

Basic Transmission Loss for Worldwide
Environmental Conditions

Scenario Parameters: h’ *2.%5na, hz =6lm,de 30 kn, f= SO MHe,
non-vagetated open aves

* Baceline Environmental Parsseters: Ah = 90 m, average ground permittivicy,
randcw siting, K = 4/3 earth radius, temporace climate, vertical pdlarization.

Basic Transaission Louss
Lb (dB)
Environmental Parameter
<L) o
> b,
Terrain Roughness, Ah (m)
0 (Perfectly Smooth) 132.6 7.1
S (Water or Very Smooth Plains) 131.1 7.5
30 (Slightly kKoilirg Plaina) 129.2 9.3
60 (Rolling Plains) 128.6 10.3
%90 (United States Average) 128.5 10.9
225 (Mountains) 130.5 11.5
500 (Rugged Mountains) 138.7 12.1
700 (Extremely Rugget Mountains) 145.5 12.5
Surface Permittivity
€ | _o(S/m)
4 .00l (Foor Ground) 130.9 10.9
* 15 .005 {Average Ground) 128.5 10.9
25 .02 (Good Ground) 127.3 10.9
81 5. (Sea Water) 113.4 10.9
81 .0l (Presh Water) 124.4 10.9
Siting Criteria For Ground Facility
* Random Siting 128.5 10.9
Careful Siting 125.1 10.9
Very Careful Siting 122.6 10.9
Climate -
i Equatorial 128.8 10.9
i Continental Subtropical 128.5 10.9
[ . Maritime Subtropical 128.5 10.9
Desert 129.0 10.9
* Continentsl Temporate 128.5 10.9
' Maritime Temporate Overland 128.6 10.8
' Maritime Temporate Overses 128.5 10.9
Atmospheric Refraccivity
K (Earth Radius) N. (N-unite)
1.23 750 129.0  : 10.9
* 1.33 301 128.5 10.9
L 1.49 350 127.9 10.9
1.77 400 127.2 10.9
Polarization
* Vertical 128.5 10.9
Horizontel ! 133.2 10.9
21




path clearance but instead enhance propagation by knife-edge
diffraction, For obstructions with large interdecile heights, the
exponential increase of the path loss with inoreasing distance into
the shadow region of the obstructing terrain exceeds any reduction in
path loss obtained by the knife edges of the obstructing terrain.
When smooth spherical earth diffraction is the dominant mode of
propagation, surface permittivity and particularly ground
conductivity have appreciable effects on the distribution of energy
above and below the earth's surface. For example, in Table 2, the
transmission loss is approximately 17 dB less for propagation paths
over sea water than for over very dry (poor) ground.

For non-vegetated open areas, the expected value and standard
deviation of the excess propagation loss A(d) are relatively
frequency insensitive, over the frequency range 30 - 88 MHz, when
compared to the variation of free-space loss over this frequency
range (see Table 3).

A comparison of theoretical models with Longley-Rice precicted
values is given in Table 4 for scenario no. 9a of Table 1 and an
interdecile terrain roughness Ah = 0. The theoretical models which
are considered are free space, plane sarth multipath, and spherical
earth multipath. The semi-empirical model gives an expected value
which exceeds the free-space loss by 35.4 - 37.5 dB over the
frequency range 30 -~ 88 MHz. The plane-earth multipath model
predicts a loss which is 1 to 6 dB larger than that predicted by the
Longley-Rice model. The sphericsl earth multipath model prediots a
loss which is appreciably less than that predicted by the
Longley-Rice model but is more than the free-space loss. The close
agreement, between the results for the multipath plane earth model
and those of the Longley-Rice model, should be viewed as just a
coincidence because the multipath plane earth model is only an
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idealized limit of the more physical spherical earth multipath model
which in turn is inappropriate for radio propagation paths that clear
the radio horizon by less than 1/8 Fresnel number. The incremental
path loss (expressed as a numeric rather than in units of dB)
increases with incremental range to the second, fourth, and greater
than fifth powers for the free-space, plane-earth multipath, and
Table 2 Longley-Rice models respectively,

A comparison, of the Longley-Rice semi-eﬁpirical model with
theoretical models and with empirical data in a multipath
interference mode of propagation, has been reported(’7)’(19). It was
found that both the Longley-Rice semi-empirical model and a
statistical model, in which the surface height is assumed to be
exponentially distributed, give good agreement with experimental data
for coherent scatter in the forward-scatterd direction for both
terrain and sea surfaces. The theoretical model for the particular
mode of propagation has the advantages of providing a theoretical
basis for the results and better agreement with data for very smooth
surfaces and possible very rough surfaces, However, for the
multipath diffraction transition mode of propagation near the radio
horizon over an irregular terrain, the Longley-Rice semj-empirical
model appears to be the best available model because there presently

is no adequate theoretical model.
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SECTION 3

INPUT PARAMETER SPECIFICATION FOR LONGLEY-RICE, VERSION 1.2.1,
PREDICTION PROGRAM

The Longley-Rice, version 1.2.1, propagation program predicts
long-term (hourly) median radio transmission loss over irregular
terrain. The output of the program is basic transmission loss. The
program combines well-established propagation theory with empirical
data to predict propagation lcsses. The prediction program is
applicable for radio frequencies above 20 MHz. For frequencies below
40 MHz, a warning is automatically printed out, regardless of path
distance, to remind the user that the sky wave may be significant for
sufficiently long paths. The program may be used either with terrain
profiles that are representative of median terrain characteristics
for a given area (the area prediction mode) or with detailed terrain

profiles for actual paths (the point-to-point mode).

The empirical data base is for wide ranges of frequency, antenna
height and distance, and for all types of terrain from very smooth
plains to extremely rugged mountains. The data base includes more
than 500 long-term recordings at fixed locations throughout the world
in the frequency range 40 MHz to 10 GHz, and several thousand mobile
recordings in the United States at frequencies from 20 MHz to 1 GHz.
Much of the empirical data base is in the VHF frequency band 30-100
MHz.

27
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The program is intended for use within the following ranges: |

Parameter Range
frequency 20 ~ 40,000 MHz ij
antenna heights 0.5 - 3,000 m . |
distance 1 - 2,000 km
surface refractivity 250 - 400 N-units

elevation angle, of the irregular terrain
radio horizon ray above the horizontal,
at each antenna 0 - 12 degrees

relative distance, from each antenna to its :
terrain horizon, normalized to the
corresponding smooth-earth distance 0.1 - 3.0 f

The elevation angles and radio horizon distances are not program input

parameters but are computed internally by the program.

Version 1.2.1 18 written in ANSI Fortran language and is

therefore compatible with any large scale computer.

1 The input parameter specifications for version 1.2.1 are given in

Table 5 which includes numerical ranges of parameters and the

numerical values for which a warning is automatically printed out. An
asterisk denotes the numerical value that will be assumed for a

parameter if the user does not specify a particular value.

Version 1.2.1 offers two program modes whose selection depends
upon how the user wishes to specify the terrain surface profile: the
area prediction mode, designated "QKAREA"; and the point-to-point
mode, designated "QKPFL". The area predlction mode is characterized
by specifying the interdecile height ah, the antenna siting criteria,
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and the great circle distances for which the basic transmission loss
Lb(d) is printed out. The point-to-point mode is characterized by
specifying the elevation matrix of the terrain profile. In the area
prediction mode, the interdecile terrain height and antenna siting
criteris determine the expected values of the antenna effective
heights, the elevation angles, and the terrain horizon distances by
means of the stored empirical data base. The point-to-point mode
ccmputes the elevation angles and distance to the radio horizon for
each antenna and the antenna effective height by considering whether
or not the antenna is near or on a hill. Except for these

differences, the QKAREA and QKPFL programs are identical.

The innut card set-ups for programs QKAREA and QKPFL are given in /1,
Tables A-1 and A-2 of Appendix A, respectively. The parameter fields :
for programs QKAREA, QKPFL and program control cards are given in
Tables A-3, A-4 and A-5 of Appendix A, respectively.

A card deck consists of job control cards, input parameter card

types, and program control card types.

There are four different job control cards. They preceed the
rest of the deck and all are required in the sequence shown in the

card set-up tables.

Input parameter card types 1 - 7 follow the job control cards.
For QKAREA, there are as many as six card types for each "execute"
operation, For QKPFL, there are as many as seven card types for each
"execute™ operation. Any parameters not specified (left blank)
default to values noted in the input parameter specification table.
Any card type can be omitted. If a card type is omitted, the program
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defaults to the values given in the input parameter specification
table. 1f a card type is used, all cards in that card type must be
specified in the sequence shown in the card set-up tables. Card types

1 - 7 can be inserted in any order.

There are three program control card types: 0 (stop), 8
(execute) and § (reset), The functions of these cards are:

stop - causes the program to execute, produce a printout and

then terminates the job,

execute -~ causes the program to execute and produce a printout

for a given set of input parameter card types.

reset - causes all parameters to be reset to their default
values until additional input parameter card types are

inserted.

The program control cards are placed after the four job control cards
at approximate places within the card deck where their functions are
required, Card type 0 is required for final execution and should be
the last card in the deck. Card type 8 is placed in the card deck
before each set of input parameter cards types. Card type 9 is used
only if there is more than one set of input parameter card types
required for additional runs and is placed after the execute card but
before each additional set of input parameter cards.

Sample outputs for the Longley-Rice QKAREA and QKPFL programs are
given in Tables 6§ and 7 respectively.
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TABLE 6: Sample Output, QKAREA

PROGRAM QMAREA

FREQUENCY 80. W2
ANTENNA HEIGHTS 2.3 78.0 M
EFFECTIVE MEIGHTS 2.8 76.0 M (SITINQe(,0)

TERARAIN, DELTA H 700. M

POLsY1, EPSe1S., 5GM= 0,008 S/M
CLIM=5, NOe301., NSe301.. Ks 1,333

SINGLE-MESSAGE SERVICE
ESTIMATED QUANTILES OF BASIC TRANSMISSION L0ss(08)

oIST PREE  WITH CONFIDENCE , f
KM SPACE o s so.o 70.0 841 90.0  ©8.0 5
5.0  80.4  ©8.4 94.8 107.2 113.8 119.6 123.2 127.9

o Be.a 6.8 10%.0 117.3 123.8 129.7 1333 138.1
e 90,0 104.3 i12.8 125.0 131.4 137.4 1410 1487

206 92.8  111.0 119.3 131.8 138.0 144.0 147.8  182.3

0.0 % 117.1 1254 13707 1aa.1 180.0  153.8  188.3

200 es0 122.8 131.2 143.4 14v.8 188.7 159.2 163.9

Y8 97.3  120.3 136.6 148.9 155.2 181.1 164.6  169.3 :

30 958 133.8 141.9 154.2 160.5 166.3 169.9 174.8

40 9o 8  137.0 145.4 187.6 163.9 169.8 173.3 178.0

0.0 100.4 139.0 147.4 159.7 166.0 171.8 175.4 180.1
38.0 101.3 140.9 14¢.3 181.7 168.0 173.8 177.3 182.0
60.0 102.0 142.8 181.2 163.6 169.8 178.7 179.2 103.9
70.0 103.3 145.8 184.6 167.1 173.4 179.3 182.9 187.6
0.0 104.5 148.6 187.7 170.8 17¢.9 102.7 166.3 191.1
90.0 108.9 154.2 160.6 173.7 180.1 186.1 169.7 194.8
. 100.0 105.4 183.6 163.3 176.8 1£3.3 189.3 193.0 197.9
] 110.0 107. 3 153.0 168.90 179.8 1C6.3 192.4 198.1 201.1
i 120.0 108.0 1%8.0 188.4 182.8 169.3 198.4 199.2 204.3
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TABLE 7: Sample Output, QKPFL

QKPFL TEST 1, PATH 2200 (MEASURED MEDIAN LB=133.2 DB)

CRYSTAL PAUACE TO MURSLEY, ENGLAND

DISTANCE
FREQUENCY
ANTENNA HEIGHTS 143.9 8
EFPECTIVE HEIGHTS  240.5 18.
TERRAIN, DELTA H 89. M

POL=0, EpS=1S., SQM= ,005 8/M
CLIMeS, N8=314., K= 1,368
PROPILE~ NP= 156, XI= ,.499 XM

A DOUBLE-~-HORIZON PATH
DIFFRACTION IS THE DOMINANT MODZ

ESTIMATED QUANTILES OPF BASIC TRANSMISSION LOSB (DB3)
FREE SPACE VALUE- 102.6 DB

REL A~ WITH CONFIDENCE
BILITYX 50.0 90.0 10.0

1.0 128.6 137.86 119.6
10.0 132.2 140.8 123.5
50.0 135.8  144.3 127.2
90.0 138.0 146.5 129.4
99.0 139.7 148.4 131.0
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SECTION 4 i

INPUT PARAMETER SPECIFICATION FOR JOHNSON-GIERHART, 4
AIR-TO-AIR (ATOA), PREDICTION PROGRAM

The Johnson-Gierhart ATOA prediction program is similar in many
respects to the Longley-Rice prediction program. The ATOA program
predicts radio transmission loss over irregular terrain., The output
of the MITRE versions of the program is basic transmission loss. The
program combines well-established propagation theory with empirical ‘
data to predict propagation losses which have been tested against a
large number of propagation measurements. It {3 applicable to radio .
frequencies 100 MHz to 20 GHz but can also be used at frequencies as :
low as 20 MHz provided that the propagation paths are sufficiently '
short so that the sky wave is insignificant. The program is used with
terrain profiles that are representative of median terrain
charactaristics for a given area (similar to the area prediction mode
of version 1.2.1 of the Longley-Rice program) but not with detailed i,

terrain profiles for actual paths,.

The Johnson-Gierhart ATOA prediction program differs from the
Longley=Pice program principally in the following ways:

a) Only single-horizon diffraction rather than double-horizon
diffraction is considered. :

b) A siandard exponential atmosphere rather than a uniform
gradient atmosphere is assumed (the index of refraction
decreases exponentially rather than linearly with increasing
height).

37




e) Flotting routines and various output options are avajilable
in the original CDC computer versions of the ATOA program
but are presently not available in the ATOA MITRE versions,.

d) Basic transmission loss options exist for specifying whether
surface reflection multipath and tropospheric multipath
contribute to instantaneous levels exceeded or hourly median
levels exceeded and whether {t contributes to variability
(standard deviation) or median level (50% confidence level),

Th: empirical data base comprises 200 single-horizon paths from
Reference [16]. Double-horizon paths are not included in the

empirical data base.

The program is i{ntended for use within the following ranges:

Parameter
frequency
lover antenna height

higher anenna height

surface refractivity

elevation angle, of the irregular terrain
radio horizon ray above the horizontal,
at the lower antenna only

distance, from the lower antenna to its
terrain horizon, relative to the
corresponding smooth-earth distance

Range
100 - 20,000 MHz
0.5 -~ 3,000 m
2 radio horizon

height of lower
antenna

200 ~ 400 N~-units

0 - 12 degrees

0.1 - 300




T e

The input parameter specifications for the ATOA program are
given in Table 8. An asterisk denotes the numerical value that will
be assumed for a parameter by the programmer if the user does not
specify a particular value. Unlike the Longley~Rice version 1.2.1
program, the asterisk values are not program automatic default values
but must be specified by the programmer. The elevation angle of the
horizon at the facility (lower antenna) and 4the distance from the
lower antenna to its radio horizon are not program input parameters

but are calculated internally by the program.

The ATOA program which was originally written for a CDC 64 bit
word computer has been converted by MITRE for use on its IBM 370 32
bit word computer., The converted ATOA source module has been
compiled on the IBM OS FORTRAN IV H Extended Compiler using the
AUTOBBL (DBLPAD) and OPTIMIZE = O optlions.

The converted program contains only the output option of basic
transmission loss and has neither the plotting capability nor the
other output options of the original program. The converted program
gives results which are identical to those of the original test run
dated 04/25/79.

MITRE has three versions of ATOA. Version 1 produces numerical
output which is fidentical to the original except for a few minor
differences in format. Version 2 allows the option of specifying
confidence levels, distance inorement values, and a condensed

paramet.er heading on print out. Version 3 has the same options as
version 2 but also prints out the expected value and standard

deviation of basic trasnamission loss at each distance,
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The input card set-up for these three MITRE versions of ATOA is
given i{n Table B=-1 of Appendix B. The parameter fields for these
versions are given in Table B-2. Important files related to MITRE
versions of ATOA are liated and desoribed in Table B-3.

A sample output of the ATOA program, MITRE version 3, is given
in Table §. The ssmple output corresponds to the test run dated
04/25/79 of the originasl ATOA program.
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APPENDIX A

CARD SET-UP FOR LONGLEY-RICE QKAREA
AND QKPFL PROGRAMS
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TABLE A-3. PARAMETER FIELDS, QKAREA

Card Type 1
(Card t.1)
[nceger (1)
Algebraic Computer or Floating
Lolumns Symbol Syabol Point (F) Description
1 None None -~ Laft blank
2 None None 1 The integer 1

3-80 None None - Left blank
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TABLE A-3. PARAMETER FIELDS, QKAREA (cont.) }
Card Type 1 i
(Card 1.2) {
lateger (I) ,
Algebraic Computer | or Ploating . !
Columns Symbol Symbol Point (F) Descriprion i
W@ i
|
1-60 None None - Output title .
61-80 None None - Lefc blank '3
I
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|
|
{
i
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g
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Ut niam

Card Type 2

31-40

41-50

51-60

61-80

TABLE A-3.

- emrget

Algebraic

None

None

82
None

Symbol

Iuteger (1)
Computer | or Floating
Syabol Point (F)
None 1
None -
Dg F
Dl F
DS1 F
D2 F
DS2 F
None -~

57
PN PY Y — - ca Rt a8 mm e

fmmr .

PARAMETER FIELDS, QKAREA (cont.)

Description

Left blank

The integer 2
Left blank

Grost circle distance (km) betwveen
terminals (initisl value).

Grest circle distance (kn) becrween
terninals (final value, in
steps of 4 ).

[}
Steppiag distance ! (km).
Great circle distance (km) between
teroinsls (final value, ir <teps
of d.z).
Stepping distance 2 (lm).

Left blank
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PARAMETER FIELDS, QKAREA (cont.)

veacription

TABLE A-3.
Card Type 3
Integer (1)
AMlachralce Computur or Tleating
Lo lamns Svimbul Svmbol point (F)
1 None Nona -
2 None None I
3 \Y MDVAR 1
1:-2) ap or 9. QT or QR| F
-3 I QL QL £
31-80 ! None None --
i
|
]
| |
1
: I
58

Left blank

The integer 3

Mode of variabilicy:
(0) ~ singla-message service
(1) - individual service

(2) -~ mobile service
(3) - broadcast service

Time ot locaction reliability (%)
Locattion reliability (%)

Left blank

-
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TABLE A-3. PARAMETER FIELDS, QKAREA (cont.) ‘
¥

Card Type & :

Integer (1) :

Algebraic Computer | or Tloating !

- Columns Symbol Symhol Point (F) Description

1 None None -- Left blank
) 2 None None 1 The integer &

3-10 None None -- Left blank
11-20 Ql Qcl F Confidence level 1 (%)
21-30 Q, Qc2 F Confidence level 2 (%)
31-40 Q Qc3 F Confidence level 3 (%) ;
41-%0 Q, Qc4 F Conficence level 4 (%) i‘
51-60 Qg Qce F Confidence level 5 (%) . 2
61-70 Q Qcs F Confidence level 6 (%)

71-80 Q QCé F Confidence level 7 (%)
?




TABLE A-3. PARAMETER FIELDS, QKAREA (cont.)

Card Type S

Integer (1)
or Floating
Point (F)

Algebraic Computer
Symbol Symbol

Duscription N

1 None None - Left blank
2 None Nons I The integer § :
3 [ CLIM 1 Clisste code:

(1) - equatorial
(2) - continental

(3) - maritime subtropical 2
(&) - desert ' B
($) ~ continental temperate ‘
{(6) - maritime temperate overland '
(7) - maritioe temperate oversas
4-10 None None -- lafc blank :
11-20 ah DELTAH 14 Terrain {rregularicy (m) :
21-30 No ENO P Minimum monthly mean of acmospheric
refractivity at ses level. !
i
or i
21-30* Ns ENS P Atmospheric refraccivity at average :1
elevation of ground surface. i
31-40 z, 25YS 4 Average elevation of ground surface !
above mean sea level (m). .
41-50 € EPS F Surface dielectric constant.
51-60 0 SGM F Surface conductivity (S/m).
61-80 None None -- Left blank

.Ne can br specifis in colen- 21-30 irfscead of No.

60




Card Type 6

Columns

TABLE A-3. PARAMETER FIELDS, QKAREA (cont.)
luceger (1)
Algebraic Computer | or Floating
Symbol Symbol Point (F) Description

None None -—- Left blank
None None 1 The integer 6
None None -- Left blank
4 POL 1 Antenna polarization

(0) - hortizoncal

(1) - vertical
Sl KST1 1 Siting criteria for terminal 1

(0) - random siting

(1) ~ careful siting

(2) - very careful siting
52 KST2 1 Siting cricteria for terminal 2

(same options as above).
None None - Blank
14 iz F Frequency (MHz)
h 1 HCl 4 Antenna height (@) sbove ground
8 at terminal 1.
h, HG2 F Antenna height (m) above ground
8 at terainsl 2.
None None - Left blank
61
12
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TABLE A-~4. PARAMETER FIBLDS, QKPFL

Card Type 1
(Card 1.1)

Integer (1)
or Floating
Point (F)

Algebraic Computer
Descripttion

-~ Left blank
The integer 1 *

- Left blank
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TABLE A-4.
Card Typs 1
(Card 1.2)
Integer (I)

Algebraic Computer | or Floating
Columns Symbol Syabol Point (F) Description
1-60 : None None Alpha/Numeric
61-80 Nona None -

63

PARAMETER FIELDS, QKPFL (comnt.)

Output ticle

Left blank

[
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TABLE A-4.

Card Type 2
(Card 2.1)

Algebraic
Sywbol

Coluans

2 None
3 None
3 4-10 None
! 11-20 d°
: 21-30 £
:i 31=-40 Z.c
!
s
! 41-80 None

SO

fba i a o o

P
E

P

PARAMETER FIELDS, QKPFL (cont.)

28C

None

Iateger (1)
or Floating
Point (7)

Desctiption

64

Left blank
Tha integer 2
The integer 1
Left blank

Grest circle distance (km)
betveen terminals.

Great circle stepping interval
(xm) between terainsls.

Elevation scsle factor
(units/meter)

Left blank

TR AT NI e
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:
TABLE A-4. PARAMETER FIELDS, QKPFL (cont.) ' 13
Card Typs 2 o : !
(Card 2.2) i
Integer (1) ’
Algebraic Computer | or Floating : i3
. Columns Svmowol Syabol Point (F) Description 1
1-60 Alpha/Numeric Path printout title
. 61-80 Nona None - Laft blank

e e N .




TABLE A-4. PARAMETER FIELDS, QKPFL (cont.)

Card Type 2
(Card 2.3)
Integer (1)
Algebraic Computer | or Floating

Columns Symbol Symbol Point (F) Description
This column contains the integar 1
if this card is the last (or onmly)
profile card, Otherwvise, it 1s left
blank.

2-3 b None 1 These colums contain the number of
profile poince specified on this
card. (1 or 2 digics, right
Justified)

4 None None - Left blank

5-10 2 PFL (1) IorPF \

Profile Matrix (meters).
10-15 Py PFL (2) Lor? (A decimal point asy ba substituted
. for one of tha integers within the

13-20 Py PFL (3) LorF ‘ five colwmn profile fields. If

. . . > a decimsl point (s not specified, a
decimal point will ba assuned

o P PFL (X) iorF :i:;:;he last integer in that

] . N

75-80 Prs PPL(15) | Tore

66
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TABLE A~4. PARAMETER FIELDS, QKPFL (cont.)

Card Type 3
Integer (I)
Algebradce Computer or Floating

Colutms Symbol Symbol Point (F) Description
1 None None - Left blank
2 None None 1 The integer 3
3-10 None None - Left blank
11-20 a7, qQrl 14
21-30 a1, QT2 14
31-40 ary qQr3 ¥
41-50 LI QT4 4 Reltability macrix (X)
51-60 Qg QT5 F
61-70 q‘l‘& qQTé F
71-80 ; 7 Qr? ) 4

|

i

67
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TABLE A-4.

Card Typa 4

Algebraic

Columns Symbol

1

2
3-10
11-20
21-30
31-40
41-50
51-60
61-70
71-80

None

None

None

PARAMETER PIELDS, QKPFL (cont.)

Computer
Syambol
None
Nons
None
Ql
Qc2
QC3
QC4
Qs

Integer (1)
or Flosting
Point (F)

68

Description

Left blank
The integer 4

Left blank

Confidence level matrix (%)

e e &




Card Type 7

Columns

5-10

11-20
21-30
31-40

41-50

51-60

61-70

71-80

TABLE A-4.
Algehraic Computor
Symbol Syabol
None Nons
None None
P POL
C CLIM
None None
f FHHZ
h HG1
gl
h’2 HG2
L ENO
N. ENS
€ EPS
[ SCM

Integer (1)
or Floating
Point (F)

b,

PARAMETER FIELDS, QKPFL (cont.) :

Description

Left blank
The integer 7

Antenns polarization:

(0) - horigontal
(1) - vertical

Climate code

(1) - equatorial

(2) - continental subtropical

(3) - maritime subtropical

(4) = desart

(5) - continentsl temperate

(6) - maritime tempsrate overland
(1) - maricime temperate cversea

Left blank

Prequency (MHe)

Height sbove ground (m) at terminal 1.
Height above ground (m) at terminal 2.

Miniaus monthly m-an of atmospheric
refractivity at sea level,

Atmospheric refractivity st aversge
elevation of ground surface.

Dislectric Constant

Surface conductivity (S/m)
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TABLE A-5. PARAMETER FIELDS, PROGRAM CONTROL CARDS,
QKAREA AND AKPFL

Card Type 8

Integer (1)

4 Algebraic Computer or Floating i
Columng Symbol Symbul Point (F) Description i .
1 ========J=’====J====J===” y i

; 1 None None .- Left blank ;
|
2 None None 1 The integer 8 '|

3-80 None None - Left blank 14
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TABLE A-~5.

Card Typa #

Columns

3-80

Algcbralc
Symbol

None

None

B ke SR

Computer
Symbol

None
Nove

None

Integer (1)
or Flosting
Point (F)

-

71

PARAMETER FIELDS, PROGRAM CONTROL CARDS,
QKAREA AND QKPFL (cont.)

Description

Left blank
The integer #

Left blank

s
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TABLE A-5. PARAMETER FIELDS, PROGRAM CONTROL CARDS,
QKAREA AND QKPFL (cont.)
Card Type 9
Integer (1)
Algebratc Computer {or Floating

Columns Symbol Symbol Poine (F) Description

1 None None - Laft blank

2 None None I The integer 9

3-80 None None -~ Laft blank
é
E
i
1
]
1
!
1

72
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APPENDIX B

CARD SET-UP FOR JOHNSON-GIERHART ATOA PROGRAM,
MITRE VERSIONS 1,2 AND 3

73

3
2
4
St
g‘}‘
.1
e 33
(I
i
|
]
]
¥




b L1 2l J
ORI TG N
A/VIS
O ::»,..v.-__..ﬂ._. ) :. R L2 Y5 Mﬂ B

.._.m«‘*.m~ r NI
) A R B Y B A e P I IR

AMOZIYOH _3HI ¥3A0 |

TSR b T Ra i aRg

NN IP RN AR AR AR .d i
- — JIAFY_FINIUISNDD
- ...‘\.~-|-“.,~ J B B t .._urv.—. .J... D . - 0 e T
HREHE S SR
P12 =) 3 [y *1 13
. | - NS 14¥js v3is ™
“p .. ....,. Fe s ..-.;_F-rn_mu..,_:_. _ __.._,.F..v. Vo - T n
L ]
255 3 sy S 3
S o w3l 3 |om y i i I
S 3 |3 VANTINY _HIIH
v Lo, \_C | .‘—!, 2—:&’_,«;_ ..n. ._.—‘m-.u_ 19 ~_.f._M.“h._ ..L—! anO: . e - S
3 " EHE
= ol 1| 100
ﬁm NN IR WYIQ i 4
NG .e. T ..:, -..—.....J..um. ‘_J.._.... .iﬂ..ﬂ._u.p_“m..\-. .W._,...,.._h 40 .:_ M SR ,h..r._“,. 1 J. .SM'.;;. ...“.._6_:“ _: :.F,. ,.uf ,_ “-;F
N... el m. T J -
il el (R34 IVt I (™
™ {
S — NIVVY 0 <~ — g
AN ..\.n?_u-,ﬂj.w_ r..-.jzﬁ.th. _J_—..,r..j O .. _..P P_ _w 3 d .q_yw..—- :..aJ ¢ ¢ J.:. o__:.s -.. T :__. DY . _.L v
o 4PN t3 1B TV PR
u 151002 I VOH
4100

T ._ _._.v_ ..__q [ .. . __t.~_ JJ:_J_ 13 JJ._. e ...:...... .1 ._

N)d
1
Q1

14

raNyy

SdINN] -

of Quwwo

&

8 awud

L Oywd

? a¥vo

€ Quv

¢ Jbvw’

I qyvd

TABLE B-1. CARD SET-UP, ATOA MITRE VERSIONS 1,2 AND 3

Ce m———



LT LU

¥3J0 IHL NI 91 SOUVD LVIIIY T NOISYIA 30 SSWI HIVI 9OY M
330 IHL NI B-1S049D Lvid3y €2 SNOISEIA 40 $Svd HIV) 304 E
8 ONY L SO¥D 7SN 10N S300 T NOISYIA 2

'SQYD NIL 1Y ISA €2 SNOISIIA T

S310N

—x _ _\ Q_.;‘\-

A O S T s U

%+ -

wv #@QKQ JLIVNIVYIL 04 TIYINOIY FJUW STYPYS INvI8 oML

IR RS Eni oo Sl s

NAne18
NA/YIQ
XY R [ S AR oy

‘. £ | 2 %y Fm _‘ ] e 2
.:._ INIINI| N I INRIY|d eI YN | o fond g [Jav)

>\QN~QQX INL  ¥IAQ

| i E P

..... v_- M“_\.. _. ; , (R0 :. . L
:Q\nuhuhnk“d“_
S 13413 uuso;zou
B ~_.~—¥._—“L ) _.\u. K ._.b”.,...w.,.._,.._.md...,....._q. .
rlwra [ ..‘u
W .m W w ONSU:W.. W X M
P 2~ o 1 >3
- ETT7 53 ™

O Quv)

& G

B cww)

L Jywd

9 o¥vo

75

e

e ,,N_-.m,,._,:m,..l,,_.lé,._m S

J SET-UP, ATOAMITRE VERSIONS 1,2 AND 3



| o e — ———— S i I R P - e
PORIPYU. 4 ser e ryere e . .. L.
TABLE B-2, PARAMETER FIELDS, ATOA
MITRE VERSIONS |, 2 & )
CARD 1
Card |
Zolumns' Symbol Description
- D B
]
1-2 | 1K Code for units to be used with input:
)
' ! (1) km and meters
h 2) ft and st mi
: l 3 ft and nmi
: | (4) IK = 0 terminates a run
-4 | 1o lCode for type of output:
I ! (L Power available
: i 2) Power Density
I (3 Transmission Loss
5-6 113 .Code for aircraft altitude input:
| i
) ! >0 the units will be considered the same as distance,
| ( i.e. km, 3 mi or n mi.
. L]
7-8 . IL8 !Code for lobing options:
| ! (0) No lobing, (2) lobing.
9-10 ; KK lCode for time availability options:
H |
! (1) hourly median levelg, (2) instentaneous levels
11-13 1A ‘Number of characters and spaces in label,
I May be up to 32, (Not used in MITRE versions)
14-45 TT "Label
77
AP o o —.—-.‘s-;‘-:r-_o.«: sty g T _

©m el kAl s i e s



TABLE B-2. PARAMETER FIELDS, ATOA (cont.)

UITRE VERCINS 1. 2 & 3

CAD 2
Card 1 !
‘Calumnsl _Symho!l | . Description
!
=5 ! DMIN | Abscissa value for left-hand limit of graph (n m{ or deg.).
j l(used by ICPH)
: i
6-10 i DMAA | Abscissa value for right~hand limit of graph (n mi or deg.).
‘ (used by IGPH)
. i
1i-34 XC jAbscissa increment for graph grid lines (n mi or deg.).
J i (Not used)
15-19 i PAIN !Ordtnate value tor bottom limit of graph:
I (dB-W/sq. mi for Power Density, dBW for Power
| Availsble and dB for Transmissiun Loss) (Not used)
| Must te negative for Transmission Loss.
20-24 PMAX ;Ur!inate value for top limit of graph
{ i Must be negative for Transmission Loss.
i
25-28 YC \Ordinate {ncrement for graph grid lines (Not used)
! Must be positive for Transmission Loss.
27-30 ! Jc alf the output is to be plotted agsinst deg JC > 0.
. i
3M-32 ° jepH

B PETTI R

'Code: (( Plotting: (1) No Plotting; (>1) Will interpolate
: and get values for distance in DMAX, columns
51-35. Alsev no Plotting.

(CODE: (0) not available).

78

ISR W N/ LARA G

cawan ke Ly




~ e —

b
i

TABLE B-2. PARAMETER FIELDS, ATOA (cont.)

H1TRE VERSIONS 1, 2 & 3
CARD 3

Card i
_Columns! Symbol Description ]
1-6 ! HLA Hetght of facility or lower antenna sbove msl
]
7-9 : IFA Code for facility antenna pattern:
l (1) isotropic i
| (2) DME |
! (3 TACAN (RTA-2) 3
| (&) 4=-loop array (cosine vertical pattern)
| (S) 8-1oop array (cosine verticsl pattern]
! (6) 1 or 11 (cosine vertical pattern)
i n JTAC with tilted antenna
| (8-21) Special antennas '
10-11 i aT { Code for antenna: {0) directive (>0) tracking
12-13 | 1PL Code for polarization of facility antenna:
; )
[ : 1) Horizontal '
; ! (2) Vertical
: i () Circular
! Aiso used for reflection coefficient and ground constants.
]
14-18 TIT Tilt of the factlity antenna main beam in deg.
Not used for Patterns 1-6.
N 1
19-23 + HLPBW 'ynlf of the half-pover-besm width of the facility antenna
! Nou used for patterns l-o.
24-28 ; SUR Elevation of facility site surface above msl
}
29-30 12 Rainfall Zones (0) no consideration (1-6) see Samson's maps.
(7) AMdds 0.5 4B times storm size %o attenuation.
[l
31-33 1 STS  :Sfze of storm: 5, 10, or 20 km.
|
34-35 KD 1Code for terrain type options:
(1) smooth earth
(2) 1irregular terrain.
Y6-37 KE -Code for horizon options:
, » none epecified
' (1) angle specified Sy 10G, IMN, and SEC
2) height spcecified by HHOIL
(@) both the angles and the elevation are specifted.
IB-G DHSI Tegrain parameter 8h (ft) from uisble.
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Card

Loluumny

.

13-15

16-18

19-21

22-27

28-33

¥4-35

|
|

TABLE B-2, PARAMETER FIELDS, ATOA (comt.)

AITRE VERSIONS 1, 2 & 3

CARD 4
'
SvmboL_L o Description
DHOL | Distance to facility radio horizon (n mi).
NOTE: Zero or negative values will result in
calculation of this parameter from others (fig. 14).
HHGI Elevation of facility radio horizon above msl.
|
IDG 'Factllty radio horizon angle in degrees.
IMN Minutes
ISEC :and seconds
[}
DCL | Diameter of facility counterpoise (ft).
NOTE: Zero or negative values will cause the program
| to assume that no counterpoise 1s present.
HCI :Height of facility counterpoise above facility site surfece.
ICC jCode for counterpoise reflection material type

i
'

(Same as for KSC on card 6.)

80
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TABLE B-2. PARAMETER FIELDS, ATOA (cont.)

HITRE VERSIONS 1, 2 & 3 |

CARD 5
-
Card i
Columns!| _Symdol | Description -
1-6 HAI Height of aircraft or higher antenna above msl
7-9 i 1AA 'Code for aircraft antenna pattern: :
l ! 1) isotropic
i | (2) DME.
! ' (3 TACAN (RTA-2)
! (4) 4-loop array (cosine vertical pattern)
I (5) 8-loop array (cosine vertical pattern) ’
(6) 1 or I1I (cosine vertical pattern) |
: i (N JTAC with tilc ‘
]
! : (8-21) Special antennas
10-11 JS iCode for antenna: (0) directive, (>0) tracking
! 1
12-13 ! NPL Code for polarization of aircraft antenna
14-18 ' T2T ‘Tilt of the aircraft antenna main beam in deg.
. : Not used for patterns 1-6.
19-23 | HIPBW iHalf of the half-power-beamwidth of the aircraft antenna. '
: i Not used for patterns 1-6.
24-217 ‘ ENO !Surface refractivity referred to sea level (N-units) from
i : f1t, 3. NOTE: 301 N-units will be used {f value {s not
! . specified or 18 <250 or >400 N-units.
28-33 F tPrequency (MHe) .
34-39 , EIRP Equivelent isotropically radiated power (dBW) for power

! Density and power available output. Sum of the main
i beam gains in 4B for tranemission loss.

40-45 ? HPF1  ;Elevation of effective reflection surface above msl.
]




TABLE B~2. PARAMETER FIELDS, ATOA (cont.)
MITRE VERSIONS 1, 2 6 3

CARD 6 ' 4
Card ;
~Colurns! symbol Description -
1-2 KSC Code for earth reflection material type (table 2):
(1) 983 water 3
(2) good ground
(3) average ground
(&) poor ground
(5 fresh water
(6) concrete
n metallic
]
! 0 o o
-7 | TP Temperature in Celsius (0, 107, 20°) of the water '
8-12 l SCK Sigmain ft or meters if you do not wish to use the standard
' ones.
]
13-14 1SS Code for sea state per table
1 '
15-16 { JM Code for sigma: (0) use Standard, (>1) read in SCK
17-18 108 iCode for lonogpheric Scintillation index group: i
! 7 (0-5) See Figure 5, Goes Report :
! ; (-1) Variable group
[ .
- ]
19-20 ! IPK  |Code for frequency scaling factor:
. i (0) not uge
. . (1) (136/€)
21-22 . JO Code:
i (0) no scintillation .
‘ . (>0) scintillation !
! 1 !
23-2% ! KLM iCode for climate 1 and time blocks: (0) Continental all years,
' 1 (1) Equatorial, (2) Continental subtropical, (3) Maritime
; subtropical, (4) Desert, (5) Continental temperate, (6) Mari-
| ' time temperate overland, (7) Maritime temperate overseas,
' (8) none, (9) Summer time block, (10) Winter time block,
(11-18) time blocks 1-8, (19) All year time block.
(Code (0) is recommended for best results) )
26-28 MX1 Code for mixing: (0) no mixing. Ary other number is weightin:
factor for climate 1.
1
29-31 KLM2 Code four climate 2 using the same codea as those in KLM. )
32-3 MX2 The weighting factor for climate 2 when mixing. ;
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Card
.Celumns

1-3
4-6

7-9
10-12
13-15
16-18
19-21
22-24
25-27
28-30
31-33

34-35

| }
L _Syrbal *___ [

|
|
|

TABLE B-2. PARAMETER FIELDS, ATOA (cont.)

11
12

13
14
15
16
17
18
19
110
111

ip

|
%
|

AITRE VERSIUNS 2 AND 3 ONLY
CARD 7

_Degcyiption

Code for percent confidence

Levels

71) 0.001% (10) 1.0% (19) 60.0% (28) 99.8%
(2) 0.002% (11) 2.02 (20) 70.0% (29) 99.9x%
(3) 0.005% (12) 5.0% (21) £0.0% (30) 99.95%
(4) 0.910% (13) 10.0% (22) 8s5.0% (31) 99.98%
(5) 0.020% (14) 15.0% (23) 90.0% (32) 99.99%
(6) 0.050% (15) 20.0% (264) 95.0% (33) 99.995%
(7) 0.10C% (16) 30.0% (25) 98.0% (34) 99.998%
(8) 0.200% (17) 40.0% (26) 99.0% (3%) 99.999%
(9) 0.500% (18) 50.02 (27) 99.5%

Code for heading

(0

- ()

Will produce no heading.

Heading will appear at the beginning of every page of
aunerical data. The heading #1111 include, title, page
aumber, date, time, and partial list of input parameters.
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TABLE B-

2, PARAMETER FIELDS, ATOA (cont.)

I[ITRE VERSIONS 2 AND 3 ONLY

CARD 8

Card
_Columns| Symbol Description

1-4 XCON (1) | First line of aight increment

5-8 XCON (2) | Second line of sight increment

9-12 i XCON (3) | Third line of sight increment
13-16 ixcon (4) | Fourth line of sight increment
17-19  :NTM (1) | First line of e13h£ repetition
20-22 iNTM (2) Second line of sight repetition
23-25  INTM (3) ! Third line of sight repetition
26-28 iNTM (4) lFourth line of sight repetition
29-32 ;YCON (2) iFirst over the horfzon increment
313-36 :YCON (2) | Second over the horizon incremenet

i )

37-40 iYCON (3 ;Third over the horizon {ncrement
41-44 lYCON “) ;Fourth over the horizon increment
45-47 TMTM (1) EFlrst over the horizon repetition
48-50 fHTH ) !Second over the horizon repetition
51-53 ;HTH (3 !Third over the horizon repetition
54-56 :HTM (4) Fourth over the horizon repetition
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: TABLE B-3. IMPORTANT FILES, ATOA MITRE VERSIONS

ATOA.CLIST
’ ATOAM3.CLIST

DEBE.CNTL

FORT.CLISY

LATOA,CLIST ) 1

LATOAM3.CLIST

LISTOFP.CLIST

MYAGAIN, FORT

SAMPLE3.CNTL f

SAMPLE .DATA

SAMPLEM.DATA

TAPE.CNTL

The following pages contain a description of each file.
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TABLE B-3. IMPORTANT FILES, ATOA MITRE VERSIONS (cont.)

ATOA.CLIST

ATOA.CLIST is a command list that executes ATOA MITRE VERSION 1.
To use this command list enter.

EXEC ATOA 'dname’

dname ie the name of tha file which contains the lines (cardse)

of data used by ATOA MITRE VERSION I.
The output ls stored in a data file. The name of the output file will be
the name of the input file with a "D" auffix attached.

Example:

SAMPLE.DATA contains card set up.

You enter: EXEC ATOA 'SAMPLE'

The output is stored in:

SAMPLED.DATA
This method of executing ATOA is not recommended if many runs are to be
done., The preferred method is submitting the runs as a batch job (sea

SAMPLE.CNTL).

ATOAM3.CL1ST
ATOAM3.CLIST 1is idéntica) to the ATOA.CLIST with the exception that

ATOA MITRE VERSION 3 {8 executed instead of version 1.

DEBE.CNIL

This file 1a a tape dump control file.




TABLE B-3. IMPORTANT FILES, ATOA MITRE VERSIONS (cont.)

FORT.CLIST
PORT.CLIST executes the Fortran H extendsad compiler by utilising i
v the significant conpﬁer options AUTODBL(DBLPAD), NOOPTIMIZE, and ALC.
ATOA and all its subroutines were éonpu-d using PORT.CLIST. To use

this command list enter:

EXEC FORT ‘dname’

[ ST

dname is the name of a file containing Fortran source code.

The output will be stored {n an object file under the same name as the
FPortran source file. In addition a text file will be created containing :
A the source listing with ISN numbers, cross rcference, and diagnostic ’

messages.

Example:
ATOA.PORT contains source code.
| You enter: i

[ EXEC FORT "ATOA' i

These files are now created:

« ATOA.0OBJ object code

ATOA.TEXT diagnostics

LATOA.CLIST .
1

LATOA.CLIST invokes the Linkage Editor and turns ATOA MITRE VERSION 1

into an executable load module.

To use this command list enter:

EXEC LATOA
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TABLE B-3. IMPORTANT FILES, ATOA MITRE VERSIONS (cont.)

The load module is stored in s partitioned data set by the name of

ATOA.LOAD (MOD1) .

LATOAM3.CLIST
LATOAM3.CLIST invokes the Linkage Editor and turns ATOA MITRE VERSION 3

into an executsble load module.

To uge this command list enter:

EXEC LATOAM3

The load module is stored in a partitioned data set by the name of

ATOA.LOAD (MOD3) .

L1STOFF.CLIST

LISTOFF.CLIST will cveate a complete haxd copy listing of ATOA
MITRE VERSION 2.

To use LISTOFF enter:

EXEC LISTOFF

HYAGAIN. FORT
MYAGAIN.FORT 18 a complete listing of the original ATOA program and 4

all {te subroutines.




TABLE B-3. TIMPORTANT FILES, ATOA MITRE VERSIONS (cont.)

SAMPLE3.CNTL
SAMPLE3.CNTL 1s a control file that contains all the necessary
- job control language (JCL) commands to run ATOA MITRE VERSION 3 plus
ten iines (cards) of data usad for the sample test case of ATOA,
This control file is designed to serve as a guide to programmars vho

use the MITRE veraion of ATOA.

The first line of this file is the JOB statement which contains
information that 1s needed by the system. A complete understanding of
the JOB statement shoyld be known by the Programmer and it can be found
in the Bedford Computer Center Pacility Manual on page 2-5. A basic
explanation of JCL use can also be found in IBM's PORTRAN IV Programmer's f ’

Guide.

The second line is a continuation of the first line.
The third line of the control file contains a comment which is
denoted by "//%" {n the first three columms. If one slash is removed

(/* ROUTE PRINT HOLD) the Route command will be executed.

The route command allows job ocutput to be viewad at the terminal before
a being submitted to the line printer, After a Job Using Route is completed
the three most used time sharing option (TSO) commands are:
1) LISTJES Job-name

This command displays job output at the terminsl. After thie
cormand is entered many subcommands are .va'unblc to manipulate
the data. These commands include PF, PB, FF, FB, END, QIT,
DELETE. A complete descriptiocn of the comsands available can

be obtained by entering HELP or by referring to ths TSO/SUPERSET

UTILITIES user's guide.
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TABLE B-3. IMPORTANT FILES, ATOA MITRE VERSIONS (cont.)

2) OUTPUT Job-name NOHOLD
This TSO command submits a job output to the line printer and is

generally uged after the LISTJES command.

3) CANCEL Job-name PURGE
This command deletes output held by the LISTJES command and it
is generally used 1f the OUTPUT command is not used to release

the job output.

If "//%" i left {r. the first three columns the route command will

not be executed and all job output will go directly to the line printer.

The fourth line of the control file gives the computer the name of the

file whetre the program ATOA can be found.

The fifth line 1s the member of that particular file which is to be

executed by the computer. MOD3 in this case refers to ATOA MITRE VERSION 3,

The sixth and seventh lines allocate input and output for the Read

and Write statements.
The eighth line sends diagnostics to the printer.

The ninth line, //SYSIN DD*, tells the computer that the following
lines contain the input (card set) used by the program. In the particular
cage of ATOA MITRE VERSION 3 which this control file executes, the program
expects eight lines (card) for each run., Each additional run of the program
is done by adding eight more lines (cards) directly following the former lines
(cards) used for the previous pass of the program. When all lines (cards)
have bcen entered in multiples of elght, two additional blank lines (cards)

must immedistely follow for proper termination of the computer program ATOA

90




e TREPRE

TABLE B-3. IMPORTANT FILES, ATOA MITRE VERSIONS (cont.) '

MITRE VERSIONS 1, 2 & 3, 1If the control file ia used to execute version 1

den ol ks d &

* instead of version 2 or 3 the only difference would be that the lines E
(cards) voﬁld be entered in multiples of six instead of eight because i
‘ of the fact that only six cards are required for each pass of version 1. 4
1
The line that immediately follows the two blank lines, a slash star §
(/%) followed by blanks is standard JCL which signifies the end of a
data blcck (card setup) to the computer.
The very last line, with two slashes (//) followed by blanks,
signifies the end of a job. '
SAMPLE.DATA
Thies data file contains the lines of data (card setup) used to
run the ATOA MITRE VERSION ) sample case.
SAMPLEM. DATA
This data file contains the lines of data (card setup) used to
run the ATOA MITRE VERSIONS 2 and 3 sample cases.
€
TAPE.CNTL
: This control file is used to enter the ATOA program from tape

into che 1BM comnuter.




